Purpose The aim of this study was to analyse the results of treatment of sonographically diagnosed type IIb developmental hip dysplasia and to identify residual hip dysplasia using clinical and radiological assessment. Methods We retrospectively reviewed the data of 49 children (59 type IIb and 39 type I hips, according to Graf's monographic classification) treated in abduction braces. The mean age was 9.1 years (range 4-15) at latest follow-up. Results According to the clinical classification of Mckay in Barrett's modification, all the type I and type IIb hips had very good results. No statistical differences were found between type I and IIb hips when comparing both measured radiological parameters and radiological results according to the Severin classification at latest follow-up. Using our criteria (two or more radiological parameters were outside of their normal range), 12 out of 49 type IIb hips demonstrated persistent dysplasia. Of the 12 hips, eight sonograms were normal at the end of treatment and four patients failed to normalise. No type I hips demonstrated two or more abnormal radiographic parameters at latest follow-up. Conclusions Despite obtaining normal sonograms at the end of treatment, some children with type IIb dysplasia may demonstrate radiographic evidence of persistent hip dysplasia over a longer follow-up period. Our results suggest that these children should be monitored until skeletal maturity.
Introduction
Mild hip joint dysplasia in childhood is often asymptomatic and early degenerative joint disease is often the first mode of presentation. It can be difficult to determine the presence of significant joint dysplasia with clinical examination, until pain becomes a feature. A number of retrospective studies have suggested a relationship between radiological residual dysplasia and degenerative change [1, 2] . We also know that, despite early diagnosis and treatment, affected joints may continue to have persistent dysplasia [3] . It is clear that early diagnostics and long-term monitoring of the development of affected hip joints, ideally till skeletal growth is complete, is important [1] . Mild dysplasias require particular care as, although they are the most commonly diagnosed cases of dysplasia [4] , they are underestimated and as a consequence either untreated or treated ineffectively.
The aim of this study was to analyse the results of treatment of sonographically diagnosed type IIb developmental hip dysplasia and to identify residual hip dysplasia using clinical and radiological assessment.
Materials and methods
The study group included children treated during infancy for sonographically diagnosed type IIb developmental dysplasia of the hip (according to Graf's classification) from 1994-2003 [5] . All the patients in that group were contacted by post to attend for follow-up. Fifty-four out of 185 patients who were contacted, attended for follow-up. Five children were excluded from the study for the following reasons: primarily type IIc-III dysplasia, treated before at other centres (n03); partial, left-sided hemiparesis, diagnosed in the second year of life (n01); and no consent for radiological investigations (n01).
Forty-nine children were included in the study who were treated during infancy for sonographically diagnosed dysplasia of type IIb. The first sonographic examination was performed at a mean of 13.6 weeks of life (range 4-32 weeks). In nine children, ultrasound (US) examination was done before the 12th week of life, identifying type IIa dysplasia, which did not return to normal state during subsequent follow-up examinations. Unilateral dysplasia was diagnosed in 39 children (30 left, nine right). Bilateral dysplasia was found in ten children. No clinical hip joint instability was found in any children. Twenty-four children were treated with Frejka pillow and 25 children with a Koszla splint. The mean treatment duration was 15.3 weeks (range 3-40 weeks).
Physical examination was performed with the patient supine with neutral limb position. Gait and Trendelenburg's test were assessed. McKay's criteria, using Barrett's modification [6] , were also recorded during clinical assessment.
Radiological examination was performed using anteroposterior radiographs and in a neutral position of the lower limbs. In all cases, the lamp-cassette distance was standardized at 100 cm, with the central ray targeting the pubic symphysis. The radiological measurements used were according to Tonnis [7] . In children aged six years or less, the Hilgenreiner angle was measured (n012). In children older than six years, Lequesne's angle was measured (n037). Lequesne's angle is an equivalent of the Hilgenreiner angle, following triradiate cartilage ossification [7] . As both parameters are determined with reference to similar anatomical points, in quantitative evaluations they were calculated together. The other radiological parameters included: Ullmann-Sharp's angle, Wiberg's angle, Idelberger-Frank's angle, decentricity distance, HeymanHerndon's acetabular-head index, Heyman-Herndon's acetabular index and disruption of the Ménard-Shenton line [7] . The Severin classification was also used for radiological evaluation [8] .
For the purposes of this study, those hips where at least two of the radiological parameters were outside their normal range were considered to show persistent dysplasia. Radiological parameters of the primarily dysplastic hip joints (n059) were compared to those of normal hip joints (n039).
Statistical analysis was performed by the Statistica program for Windows PL 7.0. Student t-test was used for comparison of indices between primarily dysplastic and normal hip joints. Values of p<0.05 were regarded as statistically significant.
Results
All children obtained very good results according to clinical assessment using the McKay criteria with Barrett's modification. No children reported any pain in their hip joints, nor were there any abnormal observations on clinical examination. No gait abnormalities were observed in any of the patients. Trendelenburg's test was negative in all patients. The mean age of the analysed group at follow-up examination was 9.1 years (range 4-15 years). Using Severin's classification, 57 of the primarily dysplastic hip joints showed excellent results and two had good results. Using the same classification, all the primarily normal hip joints had excellent results.
Using our criteria of at least two radiological parameters outside of normal range, nine children out of 49 (12 hip joints) (20%) were considered to have persistent dysplasia at latest follow-up (Table 1) (Fig. 1a and b) . Four out of the 12 No significant differences were found between the primarily dysplastic and normal hip joints comparing either a quantitative analysis of radiological parameters (see Table 2 ) or radiological results using the Severin classification. Table 3 shows the number of hip joints which fulfilled the radiographic criteria for persistent dysplasia at latest follow-up, for both primarily dysplastic (type IIb) and normal (type I) hip joints.
Discussion
Developmental hip joint dysplasia includes a spectrum of disorders which manifest with a variety of clinical presentations. The belief that a considerable number of asymptomatic, sonographically diagnosed abnormalities will undergo spontaneous normalisation [9] means that mild dysplasia of the hip may be underestimated and, as a result, may be inadequately monitored and treated. There is also a belief that, prior to the introduction of sonographic diagnostic imaging, type II dysplasias were not a significant clinical problem [10, 11] .
This study has shown that cases of dysplasia, which with early diagnosis and therapeutic intervention were normalised, went on to demonstrate various abnormalities with later radiological assessment. Twelve out of 59 hip joints (20%) treated for type IIb dysplasia demonstrated radiological features of residual dysplasia (two or more radiological parameters outside of normal range). Interestingly, in eight out of 12 hips normalisation of ultrasound image was found following treatment. In the same group of 12 hips, two children had limb shortening of 0.5-1 cm, which also correlated with interruption of the Menard-Shenton arc on the corresponding side. No children demonstrated abnormal findings on clinical examination. No children reported any symptoms from their hip joints, even after significant episodes of loading. In a quantitative analysis of a range of parameters for type IIb and type I hip joints, no significant differences were found, as the majority of type IIb joints were normal. This may suggest that dysplasia is a condition affecting both hip joints, even if it manifests itself only in one.
Dornacher et al., using Graf's criteria, treated 90 children with dysplasia of types II-IV till full normalisation in sonographic images. Radiological assessment, performed at a mean of the 15th month of life, when children started walking, demonstrated features of mild (32.8% of cases) and severe (29% of cases) dysplasia. They found no correlation between Graf classification and radiological outcomes at follow-up [3] . Therefore, type II dysplasia may, with radiological assessment, show as much dysplasia as those of type [13] . In Germany, a study showed that following the introduction of routine ultrasonography, 13% of children who required surgical intervention for hip dysplasia (ranging from closed reductions to corrective osteotomies) had previously normal US results [14] . Bone coverage of the femoral head is sometimes insufficient, even with an alpha angle of more than 60 degrees, and a normal sonogram in static examination does not exclude sonographic instability [15] . Gardiner and Dunn confirm that some sonographically unstable joints may demonstrate normal morphology in Graf's static examination, undergoing progression at subsequent follow-up [16] . Paton et al. demonstrated in their prospective study that dysplasias of type III can be sonographically stable in Harcke dynamic examination [17] . Roovers et al. reported that, in 99.6% of cases, type I hips remained normal after the third month of life [18] . Similarly, in Bialik's studies, only 0.3% of normal hip joints demonstrated considerable progression to dysplasia and this occurred in those patients where primarily severe dysplasia had been identified in the opposite hip joint [9] . Radiological examination of children with a family history of developmental hip dysplasia, with primarily normal sonogram, has not shown any association between family history and later hip joint development [19] .
Conclusions
Despite obtaining normal sonograms at the end of treatment, some children with type IIb dysplasia may demonstrate radiographic evidence of persistent hip dysplasia in long-term follow-up. Although we did not identify any statistical differences between type IIb and I hip joints at latest follow-up, there remain a proportion of primarily type IIb dysplastic joints which demonstrate features of persistent dysplasia. Our results suggest that these children should be monitored until skeletal maturity and that further work should be carried out to confirm.
